ABSTRACT: Sediment components and redox properties change with oxic/anoxic 1 condition, which affect the environmental transport of perfluorooctane sulfonate (PFOS). 2
INTRODUCTION 22
Perfluorooctane sulfonate (PFOS, ) is an emerging pollutant which has drawn 23 considerable scientific and public concerns and has been detected in water and sediment 24 environment (Ahrens et al., 2010; Beskoski et al., 2013; Pan et al., 2014; Ahrens et al., 2015) . 25
In the aquatic environment, PFOS behaves in a hydrophobic fashion and binds with sediment, 26 rather than remaining in the aqueous phase (Higgins and Luthy, 2006) . Sorption of PFOS on 27 sediment is a significant process because it affects the fate and environmental transport of 28
PFOS. 29
Sediment particles consist of organic matter and minerals which include clay minerals, 30 iron oxides and manganese oxides and so on. Each of these components plays different role in 31 the sorption of organic contaminants (Li and Werth, 2001) , and the scavenging capacities 32 depends on their percentage in the sediment. Higgings and Luthy (2006) indicated that sorption 33 of PFOS on sediments was correlated with the organic carbon content. However, other authors 34 argued that the inorganic materials such as the metal oxides affected the fate and transport of 35 PFOS (Johnson et al., 2007; Zhao et al., 2014) . The minerals might indirectly reduce the 36 sorption capability of organic pollutants by blocking sorption sites (Bonin and Simpson, 2007) . 37
However, these studies were undertaken under oxic condition which were different from the 38 natural environment (anoxic ambient). 39
The redox potential (Eh) and pH of the system affect the sorption behavior of PFOS on 40 sediment. Therefore, the sorption of PFOS under anoxic condition is very vital due to dynamic 41 changes of redox conditions during the process of sedimentation. As a result, variations take 42 place in the format of the chemical composition of sediments. Eventually, these variations in 43 local conditions affect the processes of migration and precipitation of chemical substances in 44 6 efficiency (EE) was calculated by the following equation. Note that the sediment to reagent 90 ratio is 1:10. 91
Where Cpt is pseudo-total content; Cp is particle content after extraction; Ct is total extractable 93 amount. Pseudo-total amounts (Cpt) of Fe and Mn were obtained by a flame atomic absorption 94 spectrometer (AA6300, Shimadzu, Japan). The total extractable amounts (Ct) of Fe and Mn 95 were determined using the modified sequential extraction procedure (Tessier et al., 1979; Yu et 96 al., 2001) . Organic matter was quantified by measuring the total organic carbon (TOC) using a 97 TOC-VCPH instrument (Shimadzu, Japan). The cation exchange capacity (CEC) of sediment 98 samples was determined following the conventional methods (Tao et al., 2006) . 
Water Sample Preparation and Analysis 105
Water sample from Lake Taihu was filtered through 0.22 μm fiberglass membranes before 106 extraction to remove suspended particles and biota. All the water samples were extracted by 107 solid phase extraction (SPE) with Oasis WAX cartridges (Waters, 6cc, 150mg, 30μm) . The 108 extraction procedure followed those were described in previous publication (Ahrens et al., 109 2010) . The SPE cartridges were first preconditioned by passing through 4 mL of ammonium 110 hydroxide in methanol, 4 mL of methanol, and then 4 mL of Milli-Q water in turn. Before 111 loading to the cartridge, the water samples were spiked with 100 μL of 1 ng of MPFOS. The7 cartridges were rinsed with 4 mL of 25 mM ammonium acetate buffer (pH 4) in Milli-Q water 113 and dried by centrifugation at 3000 rpm for 20 min. The elution was carried out with 4 mL of 114 methanol and 4 mL of 0.1% ammonium hydroxide, and then reduced to 1 mL under a nitrogen 115
stream. 116
An ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) 117 was used to determine the concentration of PFOS. UPLC system (Waters Corp., USA) was 118 equipped with a C18 column and MS system is a Quattro Premier XE tandem quadrupole mass 119 spectrometer equipped with an electro-spray ionization source. The analytical procedures were 120 reported previously (Zhou et al., 2010; 2013) . Spike and recovery experiments were performed 121 to determine the precision and accuracy of the extraction and the analytical procedure. Method 122 recovery rate ranged from 104.6% to 110.7% across all experimental conditions. The 123 instrument limit of determination (LOD, signal-to-noise ratio 3:1) was 2 ng/L, while the limit 124 of quantification (LOQ, 10:1 signal-to-noise ratio) was 7 ng/L. The PFOS concentration in 125 FLW was 2.82 ± 0.02 ng/L. 126
Sorption Experiments 127
2.5.1. Oxic Sorption. In this study, oxic condition was achieved only by the spontaneous 128 oxygen exchange between the overlaying water and the atmosphere at room temperature. were set up using the same solid-to-water ratios as the samples but without adding PFOS. One 136 control sample with only the test substance in 0.5 mM NaCl solution (no sediment sample) was 137 subjected to precisely the same steps as the test systems, in order to check the stability of the 138 substance in NaCl solution and its possible sorption on the surfaces of the vessels. All the 139 experiments, including controls and blanks, were carried out in duplicate. The amount of PFOS 140 adsorbed on sediment (Cs, ng/g) was calculated as followed. 141
Where C0 (ng/L) is the initial PFOS concentration; Ce (ng/L) is the equilibrium PFOS 143 concentration; V0 is the initial volume, and Ms is the mass (g) of sediment. 144
Anoxic Sorption. Two additional PP tubes containing the samples and NaCl solution 145
were opened as surrogates for the other tubes to determine pH and oxidation-reduction 146 potential (ORP) prior to the additions of PFOS. All of the tubes were purged continuously with 147 high-purity N2 gas inside the anoxic box to remove dissolved oxygen and then were capped 148 and allowed to stand in darkness for several days. At different interval, the two surrogate tubes 149 were opened inside the N2 atmosphere to determine their pH and ORP. When the ORP in the 150 surrogate tubes was negative, the other tubes were then injected with a volume of aqueous 151 PFOS solution to obtain different initial concentrations (400-1500 ng/L). The other 152 conditions were as same as the oxic sorption. 153
RESULTS AND DISCUSSION

154
Characterization of Original and Residual Sediments. 155
The basic characterizations of original and residual sediments were carried out under oxic 156 condition. The treatment of the sediments exhibited highly variable CEC, Fe, Mn and organic 157 matter amounts (Table 1 ). The trend in CEC was indicative of the extent to which the organic9 matter of each sediment had been removed. As expected, the lowest level of CEC was 159 observed in sediment treated with NaOCl and H2O2, in which the products were recorded as 160 S-OM1 and S-OM2. 161
The TOC fraction and the ratio of Fe/Mn of the original sediment were approximately 1.13% 162 and 8, respectively. The total amount of extractable Fe and Mn oxides from the original 163 sediment was 240.34 μmol Fe/g and 37.28 μmol Mn/g, respectively. These extractable 164 fractions corresponded to 65% and 80% of the pseudo-total Fe and Mn oxides, respectively. 165
The sediment treated with NH2OH·HCl reagent was recorded as S-Mn, in which almost 80% of 166
Mn but just only 28% of Fe oxides were effectively removed, respectively. Some authors had 167 related the slight removal of Fe oxides by NH2OH·HCl to be partly due to the binding form of 168
Fe in the sediments and their existence in amorphous or carbonate form (Turner et al., 2004; 169 Guo et al., 2006) . Unlike NH2OH·HCl, treatment with (NH4)2C2O2 removed over 80% each of 170
Fe and Mn oxides from the original sediment and only about 12% of organic matter was 171 extracted simultaneously, in which the product was recorded as S-FeMn. 172
The two approaches towards extracting the organic matter effectively removed more than 173 79% of the organic matter in each case. However, about 19% Fe and 24% Mn were 174 simultaneously removed by H2O2 compared with about 11% each of Fe and Mn removed by 175 NaOCl treatment. These treatments showed that it was impossible to completely isolate either 176 of the minerals, Fe or Mn, without interference with each other. 177
Variation in pH, Redox Potential. 178
The pH values of all the samples system gradually increased while the 179 oxidation-reduction potential (ORP) decreased after the three months of anoxic incubation 180 (Table 2) . Reduction reactions consume protons, which may increase the pH of the sediment 181 solution (Stumm and Sulzberger, 1992) . The Eh values of all the samples under anoxic 182 condition were below the reported critical redox potential for the reduction of Fe (Eh = +300 to 183 +100 at pH 6 -7) (Gotoh and Patrick, 1974) (Table 2 ). This may partly be due to the fact that organic matter 200 destruction uncovered mineral surfaces and rendered them accessible to N2 gas, and also 201 allowed N2 molecules to enter the micropores within the domains. However, S-Mn recorded the 202 largest BET area under anoxic condition in contrast to the least value recorded under oxic 203
atmosphere. The least of BET area was found in S-FeMn among the treated samples. This was 204 not surprising because as organic matter rich sample, it contained pores of <0.5 nm diameter 205 where the diffusion of N2 at 77K was kinetically restricted (De Jonge & 206 Mittelmeijer-Hazeleger, 1996) . Generally, the decline in specific surface area after reduction 207 was concomitant with the transformation of ferric oxides to soluble Fe 2+ . 208
Sorption Behavior and Mechanism. 209
An interesting finding observed in this study was that oxic/anoxic conditions had an 210 opposite influence on the sorption of PFOS on the various sediments containing different 211 components. For example, the oxic ambient promoted the sorption of PFOS on S-FeMn. However, 212 the sorption capability of PFOS under anoxic condition was better than that under oxic 213 condition on S-Mn (Figure 2 ). The original sorption data of PFOS under oxic and anoxic 214 conditions in different types of sediments were shown in Table S1 . In contrast to the results obtained from S-FeMn and S-Mn, the alteration of PFOS 247 concentration seemed to affect the sorption trend on S-OM1, S-OM2 and UNTD (Figure 2) . 248
Anoxic condition was beneficial to sorption of PFOS at the range of low concentration. 249
However, oxic ambient promoted the sorption of PFOS with higher concentration on these 250 13 three sediments. It was worthwhile to note that the PFOS concentration used in the current 251 study was relatively low so that semi-micelle formation was unlikely. Hence, trace level PFOS 252 existed as separate anion. The sorption mechanism discussed above indicated that the 253 hydrophobic partition of PFOS into organic matter on sediments was the primary driving force 254 in oxic ambient. In anoxic environment, the electrostatic attraction between PFOS and Fe 2+ 255 was the main driving force during the sorption process. The common feature of these three 256 sediments was that they contained the higher iron and manganese (Table 1) . Hence, it was easy 257 to understand that the sorption capacities of PFOS on S-OM1, S-OM2 and UNTD in anoxic 258 ambient were higher than that in oxic condition because a large amount of Fe Table 1 , the contents of Mn in S-OM1, S-OM2 and 271 UNTD were much higher than that in other sediments. Since the anoxic conditions did not 272 significantly alter the amount of extractable Mn amounts. The manganese oxides, which had 273 14 more negative surface charge, restrained the interaction of PFOS with sediment particles 274 (Johnson et al., 2007; Becker et al., 2008) . In other words, the lower concentration of PFOS 275 was not interfered by manganese oxides, whereas, the manganese oxides to some extent 276 interfered with the PFOS as its concentration increased. Though most organic matter were 277 removed from S-OM1 and S-OM2, there were still some fractions remained in these residual 278 sediments. Hence, hydrophobic partition of PFOS into organic matter on these sediments 279 happened in oxic environment. 280 
CONCLUSIONS
